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Background: Isometric strength measures and timed up and go (TUG) tests are both recog-
nized as valuable tools for fall prediction in older adults. However, results from direct compar-
ison of these two tests are lacking. We aimed to assess the potential of isometric strength 
measures and the different modalities of the TUG test to detect individuals at risk of falling.
Methods: This is a prospective cohort study including 24 community-dwelling older adults (≥65 
years, 19 females, 88±7 years). Participants performed three variations of the TUG test (standard, 
counting and holding a full cup) and three isometric strength tests (handgrip, knee extension and 
hip flexion) at several time points (at baseline and every ~6 weeks) during a one-year follow-up. 
The association between these tests and the incidence of falls during the follow-up was assessed.
Results: Twelve participants out of 24 participants experienced falls during the follow-up. 
Fallers showed a significantly lower handgrip strength (−5.7 kg, 95% confidence interval: 
−10.4 to −1.1, p=0.019) and knee extension strength (−4.9 kg, −9.6 to −0.2, p=0.042) at 
follow-up, while no significant differences were found for any TUG variation.
Conclusions: Handgrip and knee extension strength measures – particularly when assessed 
regularly over time – have the potential to serve as a simple and easy tool for detecting 
individuals at risk of falling as compared to functional mobility measures (ie, TUG test).
Keywords: functional assessment, geriatrics, elderly, physical performance, muscle strength, 
sarcopenia
Plain Language Summary
Optimizing screening tools to identify individuals at risk of falls should be a priority. Both isometric 
strength measures and timed up and go (TUG) tests are recognized as valuable tools for fall 
prediction in older adults, but results from direct comparison of these two tests are lacking. The 
present study shows that isometric strength measures of different muscle groups (ie, knee extensors 
and handgrip) significantly differentiated fallers from non-fallers during a 12-month follow-up 
regardless of potential confounding factors such as age, gender, body mass index, and previous 
history of falls. By contrast, although fallers did also present a worse performance than non-fallers 
in all TUG test modalities (ie, standard, while counting and while holding a full cup), these 
differences disappeared when adjusting for confounding factors. Isometric strength measures 
(particularly knee extension and handgrip) might therefore serve as a simple and more valid tool 
to detect individuals at risk of falling compared to functional mobility measures (ie, TUG test).
Introduction
Falls are a major concern for older adults and everyone involved. An estimated 30% of 
adults over 65 years of age fall at least once per year increasing to 50% for those over 
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80 years of age.1,2 One-third of these falls lead to mild-to- 
severe injuries and in many cases require hospitalization, 
thereby imposing a substantial burden on health and social 
services.3,4 Moreover, falls are the largest cause of restricted 
activity among older adults,4 which further contributes to 
their functional decline.5 Thus, optimizing screening tools 
to identify individuals at risk of falls should be a priority.6
Apart from extrinsic risk factors (eg, slippery floor, poor 
lighting), a number of intrinsic factors have been associated to 
a higher risk of falls.7 These person-specific factors include 
non-modifiable characteristics such as age or gender; but also 
amenable factors such as physical performance.7 Thus, fall 
prevention programs should ideally be multifactorial,8 and 
the assessment of physical performance (eg, balance, muscle 
strength, or functional mobility) have been proposed as 
a cornerstone in the screening of individuals at high risk of 
falls.6
The timed up and go (TUG) test, in which patients have 
to rise from a chair, walk 3 meters, turn around, walk back 
and sit down again, is one of the most popular tools for 
assessment of physical performance – specifically, of func-
tional mobility – in older adults.9 This test is recommended 
as an assessment of sarcopenia10 and as a screening tool for 
fall risk by the American and British Geriatrics Societies.11 
However, despite its popularity and some evidence support-
ing its usefulness,12,13 different systematic reviews and 
meta-analyses have questioned its actual validity.14–16
Muscle strength, an important determinant of physical 
performance which deteriorates with aging,17,18 can be easily 
assessed during isometric maximal voluntary contractions by 
means of portable dynamometers.19,20 Evidence suggests 
that fallers present an impaired isometric strength in multiple 
muscle groups compared to non-fallers.21–24 However, the 
superiority of strength tests over functional mobility tests 
(such as the TUG) for the identification of individuals at 
risk of falls remains poorly known.
In this context, the main purpose of this study was to 
analyze the validity of isometric strength measures includ-
ing handgrip, knee extension and hip flexion strength in 
comparison with different modalities of TUG test for the 
identification of community-dwelling older adults at risk 
of falls during a one-year follow-up.
Materials and Methods
Participants
This is a substudy of the StrongAge Olten Cohort study 
whose primary aim was to assess the potential of passive 
infrared sensors with regard to physical activity quantifi-
cation and to use the data as predictor for specific health 
issues.25,26 Inclusion criteria were: age >70 years, the 
ability to live in a home or apartment, and live indepen-
dently. Recruitment aimed to represent a naturalistic sam-
ple of single living, community-dwelling older adults in 
central Switzerland, irrespective of their cognitive status.
The study population consisted of 24 old and oldest-old 
seniors in similar and stable social and living conditions (see 
Table 1 for descriptive characteristics). Major comorbidities 
with some impact on physical performance during the study 
period were heart failure (New York Heart Association class 
I–II) in four patients, reasonably well-controlled type 2 dia-
betes in three patients and pulmonary emboli in two patients. 
No formal sample size estimation was performed a priori, but 
previous studies reported differences in lower limb strength 
(hip flexion)27 and TUG performance28 between fallers and 
non-fallers with effect sizes of 1.18–1.26, and thus a sample 
size of 18–20 might be considered enough to detect differ-
ences with a power ≥80% and a one-tailed α <0.05 (G-Power 
version 3.1.9.2, Universität Düsseldorf, Germany).
The study was conducted based on the principles 
expressed in the Declaration of Helsinki and its protocol 
was approved by the responsible Ethics Committee of the 
canton Bern and the Ethics Committee of Northwestern and 
Central Switzerland (EKNZ) (KEK-ID: 2016–00406). All 
participants signed and provided written informed consent to 
participate in this study and permission to use their data for 
research and publications without restrictions.
Study Design
This study followed a prospective design and complies 
with the STROBE checklist for Observational Studies.
Level of independence and cognition was assessed at 
baseline using the Katz score29 and Montreal Cognitive 
Assessment (MOCA),30 respectively. Participants’ func-
tional mobility, isometric strength and incidence of falls 
were assessed at baseline and continuously every ~6 weeks 
during a one-year follow-up. All assessments were con-
ducted at the participants’ home, by the same researcher, 
and at approximately the same time of the day. The different 
assessments were randomized within each visit.
Assessment of Physical Performance
Functional Mobility
Functional mobility was assessed using the TUG-standard, 
TUG-cognitive and TUG-motor tests.31 During TUG- 
standard, participants stood up from a chair, walked 3 meters, 
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turned around, walked back to the chair, and sat down. During 
TUG-cognitive, participants performed the TUG standard task 
while counting backwards from a randomly selected number 
between 20 and 100. During TUG motor, participants per-
formed the TUG-standard task while carrying a full cup of 
water. The time (in seconds) required to complete each test 
was recorded using a stopwatch.
Isometric Strength
Maximal voluntary isometric handgrip strength was 
assessed with a digital hand dynamometer (Jamar Plus+, 
Sammons Preston Rolyan, Chicago, USA) following avail-
able guidelines.19 Briefly, participants remained seated 
with their elbow flexed at 90° and the forearm and wrist 
in a neutral position on the chair armrest. They performed 
three maximal trials with each hand and the highest value 
recorded during the six trials was retained. Maximal 
voluntary isometric strength of the hip flexors and knee 
extensors was measured with a hand-held dynamometer 
(Lafayette 01165, Lafayette Instrument Company, 
Lafayette, USA) according to the methodology described 
elsewhere.20 For both muscle groups, participants were 
seated with both hips and knees flexed at 90°. For the 
assessment of hip flexors, the dynamometer was placed 
on the anterior part of the thigh proximal to the knee joint, 
whereas for the knee extensors the dynamometer was 
placed on the anterior aspect of the shank, proximal to 
the ankle joint. Following the same protocol as with hand-
grip strength, participants performed three maximal trials 
for each muscle group and side, and the highest value of 
each muscle group was retained.
Assessment of Falls
According to the American and British Geriatrics Society 
falls prevention guidelines,11 a fall was defined as an 
unexpected event in which the participant came to rest 
on the ground, floor or lower level without known loss 
of consciousness. History of falls was assessed through 
personal interviews with the participants and their rela-
tives. During follow-up, nursing students visited the 
seniors once or twice a week to record and document the 
incidence of falls by means of standardized questionnaires. 
Falls that occurred as a result of events such as heart 
attack, fainting or syncope were not included. 
Participants who sustained ≥1 fall during the follow-up 
were considered “fallers”.
Statistical Analysis
Differences between groups (ie, fallers vs non-fallers) at 
baseline were assessed using Student’s unpaired t-tests. 
The association between physical performance tests and 
the incidence of falls during the follow-up was assessed by 
means of binary logistic regression analyses. Differences 
between fallers and non-fallers during the follow-up (pre-
sented together with 95% confidence intervals [CI]) were 
determined using linear-mixed modelling The physical 
tests (ie, functional mobility or isometric strength) were 
considered as the dependent variable, group (ie, fallers vs 
non-fallers) was set as a fixed factor, and subject was 
added as a random intercept. Analyses were adjusted for 
age, gender, body mass index, and previous falls history as 
fixed factors. All analyses were performed using the sta-
tistical software (SPSS version 23.0, IBM, Armonk) under 
a significance level of α = 0.05.
Results
Twelve participants fell at least once during the follow-up, 
resulting in a total of 20 falls. Of these, 4 falls were due to 
stumbling, and the remaining ones had no specified cause. 
Two participants died during the study approximately at 
month ~5 and ~9 of the follow-up, and thus could only be 
assessed 4 and 6 times, respectively. Both of them had 
a previous history of falls, and did also sustain a fall 
during the follow-up.
Fallers did not significantly differ from non-fallers in 
gender, independence, age or body mass index, but had 
lower MOCA scores (Table 1). Significant differences 
were found at baseline between fallers and non-fallers 
for TUG-standard and TUG-motor, but not for TUG- 
cognitive. Inter-group differences were also observed for 
handgrip and knee strength, but not for hip strength 
(Table 1).
The association between baseline results for strength 
and TUG tests and the risk of falling is shown in Table 2. 
Non-adjusted analyses with baseline data showed that 
participants with a greater handgrip and knee extension 
strength had a lower risk of falling during the follow-up, 
whereas no significant results were found for the remain-
ing measures. The same trend was observed in adjusted 
analyses, although these results did not reach statistical 
significance (p=0.056 and p=0.070 for handgrip and knee 
strength). Baseline MOCA scores were not significantly 
associated with the risk of falling in non-adjusted (odds 
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ratio: 0.77, 95% CI: 0.59 to 1.01, p=0.054) nor in adjusted 
analyses (odds ratio: 0.79, 95% CI: 0.57 to 1.09, p=0.157).
The association between follow-up results and the risk 
of falling is shown in Table 3. Non-adjusted analyses 
showed an impaired performance in all TUG modalities 
and strength tests during the follow-up for fallers com-
pared to non-fallers (Figure 1, Table 3). Isometric strength 
measures of knee extension and handgrip remained sig-
nificantly different between fallers and non-fallers when 
adjusting for potential confounding factors (ie, age, 
gender, body mass index, and previous falls history). By 
contrast, no between-group differences were found for 
isometric hip flexion nor for any of the TUG variations 
in adjusted analyses, although a non-significant trend was 
observed for both TUG-standard and -cognitive (Table 3).
Discussion
The main findings of this prospective study were that knee 
extensor and handgrip isometric strength assessed at baseline 
and particularly during a one-year follow-up period signifi-
cantly differentiated fallers from non-fallers regardless of 
Table 1 Baseline Characteristics of Study Participants
Variable All (n=24) Fallers (n=12) Non-Fallers (n=12) p-value
Gender (n, % female) 19 (79%) 9 (75%) 10 (83%) 0.615
Age (years) 88 ± 7 91 ± 8 86 ± 6 0.055
Body mass index (kg·m−2) 24.4 ± 3.2 23.3 ± 3.5 25.5 ± 2.6 0.083
Katz ADL score [max = 6] 5.7 ± 0.7 5.5 ± 0.9 5.8 ± 0.4 0.259
MOCA score [max = 30] 20.9 ± 5.5 18.5 ± 5.7 22.8 ± 2.4 0.033
Handgrip strength (kg) 20.9 ± 5.6 17.7 ± 4.9 24.2 ± 4.3 0.002
Hip flexion strength (kg) 15.5 ± 5.2 14.3 ± 3.8 16.8 ± 6.2 0.248
Knee extension strength (kg) 13.2 ± 4.4 10.8 ± 3.4 15.6 ± 4.2 0.006
TUG-standard (s) 12.1 ± 7.5 15.2 ± 8.3 8.9 ± 5.1 0.038
TUG-cognitive (s) 14.9 ± 15.7 20.0 ± 20.7 9.7 ± 5.4 0.110
TUG-motor (s) 12.7 ± 5.6 15.0 ± 4.6 10.5± 5.6 0.049
Notes: Values expressed as mean ± SD (unless otherwise stated). The p-values refer to the differences between fallers and non-fallers. Significant p-values are highlighted in 
bold. 
Abbreviations: ADL, activities of daily living; BMI, body mass index; MOCA, Montreal cognitive assessment; TUG, timed up and go.
Table 2 Associations Between Baseline Physical Performance 
Test Results and the Risk of Falling During the One-Year Follow- 
Up
Test Crude OR  
(95% CI)
Adjusted OR  
(95% CI)*
Handgrip strength (kg) 0.73 (0.56, 0.94) 
p = 0.017
0.74 (0.55, 1.01) 
p = 0.056
Hip flexion strength (kg) 0.90 (0.74, 1.08) 
p = 0.251
0.91 (0.74, 1.13) 
p = 0.392
Knee extension strength (kg) 0.74 (0.57, 0.95) 
p = 0.016
0.77 (0.58, 1.02) 
p = 0.070
TUG-standard (s) 1.23 (0.99, 1.52) 
p = 0.057
1.19 (0.94, 1.51) 
p = 0.141
TUG-cognitive (s) 1.19 (0.99, 1.43) 
p = 0.060
1.16 (0.92, 1.45) 
p = 0.210
TUG-motor (s) 1.19 (0.99, 1.44) 
p = 0.066
1.18 (0.93, 1.50) 
p = 0.166
Notes: Data are shown as odds ratio (OR), 95% confidence intervals (CI) and 
p-values. Significant p-values are highlighted in bold. *Adjusted for gender, age, body 
mass index, and previous history of falls.
Table 3 Differences in Physical Performance Tests Between 
Fallers and Non-Fallers During the One-Year Follow-Up
Test Crude Difference 
(95% CI)
Adjusted Difference 
(95% CI)*
Handgrip strength 
(kg)
−7.01 (−10.72, −3.31) 
p = 0.001
−5.74 (−10.41, −1.08) 
p = 0.019
Hip flexion strength 
(kg)
−4.22 (−8.00, −0.43) 
p = 0.031
−2.72 (−6.98, 1.54) 
p = 0.196
Knee extension 
strength (kg)
−7.11 (−11.00, −3.22) 
p = 0.001
−4.92 (−9.62, −0.21) 
p = 0.042
TUG-standard (s) 9.23 (1.63, 16.82) 
p = 0.020
7.23 (−0.71, 15.16) 
p = 0.072
TUG-cognitive (s) 13.30 (2.93, 23.66) 
p = 0.014
9.62 (−1.43, 20.67) 
p = 0.084
TUG-motor (s) 8.53 (1.73, 15.32) 
p = 0.016
4.56 (−2.92, 12.03) 
p = 0.216
Notes: Data (estimate [95% confidence intervals] and p-value) represent the 
difference between groups (ie, fallers vs non-fallers) during the follow-up. 
Significant p-values are highlighted in bold. *Adjusted for gender, age, body mass 
index, and previous history of falls.
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potential confounding factors such as age, gender, body mass 
index, and previous history of falls. By contrast, differences 
between fallers and non-fallers in all TUG test modalities (ie, 
standard, count and motor) disappeared when adjusting for 
confounding factors, which supports isometric strength as 
a more sensitive screening measure than functional mobility. 
To the best of our knowledge, this is the first study comparing 
the validity of isometric strength and functional mobility mea-
sures for the identification of individuals at risk of falls in 
a homogenous population of oldest old living under similar 
circumstances.
The TUG test is one of the most widely used tests for 
falls prediction among older adults11 and its validity has 
already been studied. Shumway-Cook et al12 observed that 
the TUG test had a sensitivity and specificity of 87% to 
detect individuals prone to falls. However, in line with our 
findings, more recent evidence has called into question the 
validity of this tool.14–16 Some authors suggested that the 
inclusion of dual/cognitive TUG tasks (eg, counting back) 
might increase its validity for this purpose.31 Accordingly, 
the inclusion of additional TUG tasks increased its accu-
racy in identifying pre-frail individuals in some studies.32 
However, other authors found similar sensitivity and spe-
cificity when comparing the three (standard, cognitive, 
motor) TUG modalities.12 Although the cognitive status 
of fallers was significantly lower than non-fallers at base-
line, none of the TUG modalities considered in this study 
(including those with cognitive tasks) could discern fallers 
from non-fallers in adjusted analyses. Thus, the evidence 
supporting the validity of the TUG test with or without 
dual-tasks for the identification of individuals at risk of 
falls is at least inconclusive.
Figure 1 Functional mobility (A–C) and isometric strength (D–F) results in fallers and non-fallers during the one-year follow-up. Multiple imputation was performed to 
create the figures, as there were missing data (<25%) at some time points. The crude difference (diff, expressed along with 95% confidence intervals [CI]) corresponds to the 
average difference between groups, and was computed using linear mixed model analysis with no data imputation. Significant differences between groups were found for all 
tests.
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On the other hand, the present study supports the 
validity of isometric knee extension and handgrip strength 
measures – particularly when assessed regularly over 
time – as a screening tool to detect individuals at risk of 
falling. Previous studies have reported that tests such as 
the “chair stand test, vertical jump test or leg press” are 
useful screening tools for lower limb strength and func-
tionality which are often impaired in fallers compared to 
non-fallers.22,33 Isometric strength measures such as those 
implemented here have also been previously related to 
falls risk in older adults. Pijnappels et al22 observed that 
individuals who fell after gait perturbations presented the 
lowest isometric knee extension strength. In addition, 
Menant et al21 observed that low isometric knee extension 
strength was related to different health-related outcomes in 
the elderly (including balance, functional mobility and 
falls). Isometric knee extension strength also appeared as 
a better prognostic factor than other measures such as 
muscle mass alone or a combined score (including both 
muscle mass and strength/functional performance) as pro-
posed by the European Working Group on Sarcopenia in 
Older People (EWGSOP).21 Thus, assessment of isometric 
lower-limb strength might be a simple and valid screening 
tool.21
Interestingly, our results also show that – apart from knee 
extension strength – handgrip strength differentiates between 
fallers and non-fallers. The assessment of handgrip strength is 
arguably the most widely used34 as well as the simplest option 
for the evaluation of isometric strength in older adults. This test 
is recommended by the EWGSOP for the assessment of 
sarcopenia,10 and has proven to be a valid prognostic factor 
of different health-related outcomes including low intrinsic 
capacity, hospitalization risk, and overall mortality.35–37 
Evidence from meta-analyses supports the validity of handgrip 
strength for the prediction of age-related declines in cognition, 
mobility, functional status and mortality in community- 
dwelling older people.38 Previous studies have also reported 
differences between fallers and non-fallers in terms of handgrip 
strength.22–24 Taken together, these results support the use of 
regular handgrip strength assessments as a simple screening 
tool in clinical practice, although its combination with other 
measures (eg, functional mobility tests) could enhance predic-
tive accuracy.39
Limitations of this study include the short follow-up time 
and the non-documentation of some comorbidities that might 
have influenced the risk of falling such as vestibular deficits 
and visual or hearing impairments. Moreover, variables other 
than overall TUG performance and maximal strength (eg, 
number of steps or need for support during TUG test, rate of 
force development during strength tests) – that were not 
assessed in the present study – might have provided important 
information regarding the risk of falling. It must also be high-
lighted that, because we selected the sample size based on the 
results from previous studies showing significant differences 
between fallers and non-fallers with a similar number of study 
participants, no formal sample size calculation was performed; 
however, we cannot exclude that some differences did not 
reach statistical significance due to an inappropriate sample 
size. The present findings might not necessarily be applicable 
to other populations with different characteristics, such as older 
adults with comorbidities or those living in nursing homes. 
Moreover, future studies should assess whether these tests are 
valid for the identification of differences between single-fallers 
and multiple-fallers, as the low number of multiple-fallers in 
the present study (n=3) precluded this analysis. However, the 
major strength of this study is its prospective nature and the fact 
of having assessed different modalities of the TUG test and 
different measures of isometric strength continuously through-
out the follow-up period.
Conclusions
The present study shows that isometric knee extension and 
handgrip strength measures can differentiate between fallers 
and non-fallers among older adults, these differences remain-
ing significant even when adjusting for potential confounding 
factors such as age, gender, body mass index, and previous 
history of falls. Fallers also presented a worse performance 
than non-fallers on all TUG test modalities, but no differences 
were observed for adjusted analyses. Thus, it is concluded that 
isometric knee extension and in particular handgrip strength 
measures have the potential to serve as a simple and easy tool 
for detecting individuals at risk of falling as compared to 
functional mobility measures (ie, TUG test).
Data Sharing Statement
Data will be made available upon request to the corresponding 
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EKNZ. All participants signed an informed consent form 
after having the procedures explained.
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